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Renal concentrating ability in cirrheis. III. Failure of hyper-
tonic saline to increase reduced TCH2O formation. The present
study examines the possibility that the solute-free water re-
absorption (TCH2O) defect observed in some patients with
cirrhosis of the liver may be due to decreased distal delivery
of sodium. TCH2O was studied in cirrhotics with low TCH2O
formation and in non-cirrhotic controls undergoing mannitol
and saline diuresis on different days while receiving a low
sodium intake. Despite a three-fold increase in urinary sodium
excretion and an increase in serum sodium concentration with
hypertonic saline, TCH2O formation was not improved or cor-
rected in the cirrhotic patients and was always lower per unit
of solute excretion than that observed in controls with com-
parable sodium excretion. The exact mechanism of the concen-
trating defect remains unknown but the data suggest that the
TCH2O defect is not related to a decreased delivery of sodium to
the distal nephron consequent to increased proximal reabsorp-
tion or to a lower tubular fluid concentration of sodium at the
distal concentration site.
Abjlité de concentration du rein dans la cirrhose. Ill. Inabi-
lité du salin hypertonique a augmenter Ia formation réduite de
TCH2O. Le present travail examine Ia possibilité que le défaut
de reabsorption de l'eau libre (TcH2O) observe chez certains
patients porteurs de cirrhose hepatique puisse étre dfl a une
diminution de Ia charge sodée distale. La TCH2O a été étudiée
chez des cirrhotiques dont Ia formation de TCH2O était basse
et chez des témoins non cirrhotiques, soit sous diurése au
mannitol ou diurèse salée a des jours différents. En dépit
d'une augmentation marquee de Ia charge sodique distale sous
perfusion salée mise en evidence par une excretion sodique
trois fois plus élevée que celle qui fut observée sous diurèse
au mannitol, Ia formation de TCH2O ne fut ni améliorée ni
corrigée et demeurait toujours plus basse par unite d'excrb-
tion de solute que celle observée chez des témoins avec une
excretion de sodium comparable. Ces résultats suggérent que
le défaut de formation de TCH2O n'est pas relié a une dimi-
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nution de Ia charge sodée présentée au néphron distal, consé-
quence d'une reabsorption proximale augmentée non plus qu'à
une concentration en sodium plus basse du liquide tubulaire au
site distal de concentration.
Previous studies from this laboratory have demon-
strated that some patients with cirrhosis of the liver
have a renal concentrating defect characterized by a
decreased ability to concentrate the urine maximally
(UosmmaX) and to reabsorb solute-free water (TCH2O)
normally [1]. The mechanism of this alteration is un-
known although there is substantial evidence to ex-
clude renal tubular insensitivity to antidiuretic hor-
mone [1—3].
A decrease in renal concentrating ability in cirrhosis
may result from reduced distal delivery of sodium as
a consequence of enhanced proximal tubular reab-
sorption [4—8]. We attempted to examine this possi-
bility further by comparing TCH2O formation during
mannitol diuresis with that observed during saline-
induced diuresis. The latter might be expected to in-
duce a greater distal delivery and increased tubular
fluid concentration of sodium, resulting in enhanced
TCH2Q formation [9—12].
The data indicate that TCH2O in the cirrhotic pa-
tients was the same under both types of solute diuresis
and lower than in the non-cirrhotic control patients.
Furthermore, TCH2O was lower in the cirrhotics than
in controls during saline diuresis despite comparable
rates of sodium excretion in the patients with cirrhosis.
56 Vaamonde et a!.
Material and methods
All patients studied were males. Five had cirrhosis
of the liver of the type associated with chronic alco-
holism (Laennec's cirrhosis). The diagnosis was made
on the basis of history, physical examination and
laboratory findings. The mean age was 45 and ranged
from 35 to 54 years. All patients had stable hematocrits
and blood pressure. Four patients exhibited moderate
to severe degrees of decompensation (presence of une-
quivocal ascites and edema), while one patient (W. E.)
was compensated at the time of the studies. Mean
serum creatinine was 0.84± 0.09 SD mg/l00 ml, rang-
ing from 0.8 to 1.0 mg/lOO ml. Five chronically ill
patients without evidence of hepatic, cardiovascular
or renal diseases were studied for comparison and
referred to as the control group. The mean age was
46 and ranged from 44 to 48 years.
All patients received a diet containing 10 mEq of
sodium, 100 mEq of potassium and 1.5 g/kg of protein
daily for at least five days prior to the study. Daily
urinary excretion of creatinine, sodiUm and potassium
was measured throughout the period of observation.
All patients maintained a constant weight for at least
three days prior to the study. Three cirrhotics were in
sodium balance at the time of the studies (average
daily sodium excretion in the two days preceding the
studies was 0.5, 3, and 16 mEq). Two cirrhotics (A. P.
and W. E.) and two control patients (E. S. and M. D.)
were apparently eating more salt than prescribed in
the diet. Average daily sodium excretion in these two
cirrhotics was 53 and 34 mEq, respectively. Thus, the
cirrhotic patients as a group were not avid salt re-
tainers when the studies were performed.
Diuretic agents were discontinued at least five days
prior to the experiments. The studies were performed
during the morning hours and all subjects remained
recumbent.
Hydropenia was established by 16 hours of over-
night dehydration. In three control and two cirrhotic
patients urine was collected by spontaneous voiding;
in the other five patients, bladder catheterization with
air washout was used. In the latter group of patients,
urine cultures were performed before and after the
studies; all were negative. The method used for collec-
tion of urine did not influence the results of the study.
After priming doses of inulin, para-aminohippurate
(PAH), and aqueous vasopressin1 (200 mU), an intra-
venous infusion that delivered adequate amounts of
inulin and PAH to produce satisfactory plasma levels
and 200 mU of aqueous vasopressin per hour was
administered at a rate of 0.6 ml/min with a Harvard
constant infusion pump. Following an equilibration
period of 40 to 75 minutes, two control periods were
obtained during which clearances and Uosm-max were
determined.
A diuresis was then established and continued for
two to three hours by the infusion—on two separate
occasions —of two different solutes for the determina-
tion of TCH2O formation. On the first day, 10% manni-
to! in water was infused and on the second day, 2.5 to
3 % sodium chloride in water was given. This sequence
was used in order to limit the saline diuresis study to
cirrhotic patients known to have a low TCH2O during
mannito! diuresis. There was an interval of two to
seven days between the studies and no changes in the
clinical status of the patients was observed at the time
of the second study.
The volume of the solutions infused was regulated
according to maximal urine flow achieved and pa-
tient's tolerance. Tite amount of the mannitol solution
given was between 1,100 and 2,800 ml, and it was in-
fused at rates of 14 to 16 mI/mm. The volumes of
saline solution infused were 1,400 to 3,000 ml, and were
given at rates of 10 to 16 ml/min.
Urine and serum were analy2ed for total solutes,
sodium, potassium, creatinine, inulin, PAH, and urea
with methods previously described [1] or with their
modifications for the Autoanalyzer. Inulin (C1), PAH,
(CPAH) and osmolal (Csm) clearances were calculated
by the conventional formulas. Solute-free water reab-
sorption (TcH2O) represents the difference between
the osmolal clearance and the urine flow per minute (V).
Statistical significance of data within each group of
subjects or between groups was analyzed using the
Student t tests for paired or unpaired data, respec-
tively [13].
Results
A representative example of the paired mannitol
and saline studies in a cirrhotic patient is shown in
Table 1. The data for all subjects have been summa-
rized in Table 2.
Maximal urine osmolality. The mean Uosm-max after
16 hours of dehydration was significantly lower
(P<0.00l) in the cirrhotics (range: 471 to 651 mOsm/
Aqueous vasopressin (Pitressin; Parke, Davis & Co., Detroit,
Mich. LotsBJ-107 and FA-115) was used after appropriate
testing for potency in normal subjects.
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Table 1
Concentrating ability in a hydropenic decompensated cirrhotic patient (J. M.)
studied during mannitol and saline diuresis
Time V Usm
mOsm/
Cosm TCH2O UNaV C10 SNa
mm mI/mm kg H20 mi/mm mi/mm pEq/mmn mi/mm mEq/liter
kg H20) than in the control
914 mOsm/kg H20) (Table 2).
patients (range: 722 to
Solute-free water reabsorption. It is apparent from
examination of Tables 1 and 2 and Fig. 1 that there
was no difference in the rate of T0H20 formation in
the cirrhotic patients during mannitol (2.5 0.6 ml!
mm) and saline diuresis (2.5±sD 0.7 mI/mm). The
mean slope of the regression line of Cosm to V was the
same in the cirrhotics during mannitol and saline
diuresis. The slope increased in two, decreased in two
and did not change in one. In addition, when TCH2O
was compared at Cosm of 10 to 12 ml/min no differ-
ence in TCH2O formation between the mannitol and
saline study was observed (Table 2).
In the control patients, TCH2O during mannitol
diuresis increased more rapidly than in the cirrhotic
patients and exhibited a tendency to stabilize when
Cøsm approached 12 mI/mm (Fig. 1). TCH2O did not
fall at higher Cosm. Mean TCH2O was slightly higher
during saline than during mannitol loading (P-<0.0l).
Mannitol diuresis
0— 41 0.5
41— 78 0.6
564
579
0.9
1.1
0.4
0.5
2
4
87
94
139
143
Start 10% mannitol at 16 mI/mm
78—103 2.2
103—117 3.7
117—133 5.3
133—148 6.7
148—163 8.3
163—175 9.2
175—185 10.4
185—195 12.0
195—215 12.6
215—225 15.8
225—235 15.6
235—245 17.2
245—253 18.5
525
449
434
429
408
390
379
367
364
355
352
351
349
4.0
5.7
7.7
9.7
11.5
12.1
13.2
14.7
15.1
18.2
17.8
19.5
20.8
1.8
2.0
2.4
3.0
3.2
2.9
2.8
2.7
2.5
2.4
2.2
2.3
2.3
27
55
95
151
216
245
281
368
402
572
534
614
688
127
71
72
71
72
71
73
68
66
76
69
74
72
131
126
119
Saline diuresis
0— 31 0.5
31— 67 0.5
605
624
1.1
1.0
0.6
0.5
2
2
78
78
139
142
Start 2.50/ NaCl at 13 mI/mm
67- 95 0.5
95—125 0.5
125—155 0.5
155—185 1.4
185—200 3.7
200—210 4.7
210—223 7.9
223—233 11.8
233—241 15.3
241—254 16.4
254—264 18.6
624
621
604
552
498
459
428
406
382
378
375
1.1
1.0
1.0
2.4
5.8
6.8
10.4
14.8
17.9
18.8
21.2
0.6
0.5
0.5
1.0
2.1
2.1
2.5
3.0
2.6
2.4
2.6
4
8
18
157
597
813
1314
1950
2480
2650
2940
85
74
65
97
119
92
100
99
94
97
102
154
152
160
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Table 2
Concentrating ability in patients with cirrhosis of
Patient Study Uosmmaxa
mOsm/kg H20
Cosmb
mi/mm
TCH2OC
mi/mm
UNaVb
.uEq/min
SNad
mEq/liter
Cirrhotic patients
A.P. M
S
582
610
2.3—21.0
1.3—19.6
2.3
2.1
89—1590
16—2952
147—131
146—161
W. E. M
S
558
546
1.2—1 7.0
1.2—21.6
3.0
3.0
75— 736
49—3400
142—123
143—158
P.A. M
S
495
471
1.8—22.8
1.2— 8.4
1.6
1.6
104—1890
26—1 133
141—126
137—151
G.A. M
S
585
651
1.3—20.2
1.4—12.2
2.9
3,3
5— 793
5—1 660
148—135
145—156
J.M. M
5
579
624
1.0—20.8
1.1—21.2
2.9
2.7
3— 688
2—2940
141—119
141—160
Mean±sD M
P
S
560±38
<0.90
580±72
1.5±0.5h
<0.30
1.2±0.1"
2.5±0.6
2.5±0.7
55±48"
<0.10
20±19"
144±3"
142±4"
Control patients
J.C. M
S
811
914
2.8—19,7
1.8—17.5
4.8
4.8
60— 866
38—2470
144—125
141—152
E.S. M
S
887
906
2.0—24.5
2.2—13.8
5.3
6.3
132—1100
189—1 840
144—12.1
144—154
G.B. M
5
859
866
1.3—19.2
1.5—18.4
4.4
4.8
12— 330
23—2360
132—111
134—154
M.C. M
S
722
725
1.4—25.0
1.3—23.9
3.6
4.3
65—1030
57—3345
144—126
149—158
M. M. M
S
844
864
1.9—20,5
1.8—18.5
4.2
4.8
80— 864
34—2660
142—122
13&-162
Mean±sD M
P
S
825±64
<0.20
855±76
L9±0.6"
<0.50
1.7±0.3"
4.5±0.6
<0.01
5.0±0.8
7O±4Y'
68±69"
141±5
141±6
Group means SD
Mannitol cirrhotics
P
controls
Saline cirrhotics
P
controls
560 38
<0.001
825±64
580 72
<0.001
855
2.5
<0.001
4.5±0.7
2.5 0.7
<0.001
5.0
M Mannitol. S Saline.
a Highest value before solute loading.
b The first value is the mean of the urine collection periods before the solute loading. The second is the highest value attained during
solute loading.
C Mean value obtained from the plateau portion of the TCH2OCOm curve during solute loading (average of 3 to 10 periods).
d The first value is the mean f the urine collection periods before solute loading. The second is the lowest value during mannitol
diuresis or the highest value during saline diuresis.
C Average value of the collection periods before solute loading.
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the liver and in non-cirrhotic control patients
C1
mi/mm
Slope of
line (b)
C0 vs. V
Data at COsm of 10 to 12 mI/mm
Uosm/P05m
TCH2O
mi/mm
UNaV
pEq/min
CIN
mi/mm
85
75
0.97
1.09
1.2
1.3
2.3
2.1
634
1590
59
105
96
85
1.16
0.97
1.3
1.2
2.5
2.7
422
1950
63
112
45
41
1.13
0.96
1.2g
l.2g
1.6
1.6
646
1133
45
54
85
131
0.98
1.24
1.4
1.5
2.8
3.5
173
1474
101
78
91
78
0.97
1.01
1.4
1.3
3.2
2.5
216
1314
72
100
80±20
82±32
1.04±0.09
<0.90
1.05±0.12
1.3±0.1
1.3±0.1
2.5±0.6
2.5±0.7
418±223
<0.001
1492±308
68±21
<0.20
90±24
80
62
1.09
1.01
1.7
1.5
4.3
4.3
405
1650
79
89
106
114
1.03
1.66
1.8
2.1
4.7
5.9
466
1460
100
121
79
92
0.97
1.13
1.6
1.6
4.4
3.8
205
1182
102
97
93
102
1.02
1.10
1.5
1.6
3.6
3.6
376
1350
99
101
111
96
1.02
1.20
1.7
1.6
4.3
4.1
261
1520
81
99
94±15
93 19
1.03±0.04
<0.20
1.22 0.26
1.7±0.1
1.7 0.2
4.3±0.4
4.3
343±107
<0.001
1432 177
92±11
<0.10
101 12
80±20
<0.30
94 15
82±32
<0.60
93±19
1.04±0.09
<0.90
1.03 0.04
1.05±0.12
<0.30
1.22±0.26
1.3±0.1
<0.001
1.7±0.1
<0.02
1.7±0.2
2.5±0.6
<0.001
4.3
2.5±0.7
<0.01
4.3±0.9
418±223
<0.60
343 107
1492±309
<0.80
1432±177
68±21
<0.10
92 11
90±24
<0.40
101±12
Taken from the plot of Cosm vs. V, when the relationship is linear and calculated from the equation, Cosm=a+bV.
g Values in PA. are compared at Cøsm 8 to 10 mI/mm, the highest he attained during saline diuresis. After the infusion of 1700 ml
of 2.5% NaCI, PA. achieved a C0 of only 8.4 mI/mm with a maximum TCH2O of 1.6 mI/mm. T°H20 showed a tendency to
stabilize at C0 between 6.3 and 8.4 mI/mm. During mannitol diuresis his maximum Csm was 22.8 mI/mm; however his mean
maximum TCH2O was also 1.6 mI/mm and appeared at Cosm of 8 mI/mm. Although the range of UNaV was greater during
the infusion of mannitol, at the time the highest TCH2O was achieved in each study UNaV was 487 iEq/min higher during saline
than mannitol loading.
h Mean values obtained during the preinfusion urine collection periods.
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Fig. 1. Average relationship between solute-free water reabsorption
(TcH20) and osmolal clearance (Cosm) in five cirrhotics (trian-
gles) and five non-cirrhotic control patients (circles) during man-
nitol (open symbols) and saline diuresis (closed symbols). In this
and subsequent figures all C0 and corresponding TCH2O values
are grouped at about 2 mI/mm increments in Cosm and represent
the mean values for each group.
Although the slope of the regression line of Cosm to V
increased in four of the five control subjects this was
not significantly different.
Although by experimental design only cirrhotic pa-
tients with low TCHZO were studied, the significant
difference in TCH2O between both groups of patients
persisted when TCH2O was factored by GFR. For ex-
ample, at C05m 10 to 12 ml/minTc, H20 was lower
(P<005) in the cirrhotics (3.7 ml/minhloo ml GFR)
than in the control patients (4.7 ml/min/l00 ml GFR).
Figure 2a illustrates the relationship between urine
osmolality (U0sm) and V. Throughout the range of V
examined U0sm was always lower in the cirrhotic than
in the control group. However, at all times the osmo-
lality of the urine remained distinctly above that of
plasma in all patients despite urine flows as high as
25 mI/mm obtained in some of the patients. Although
within each group U0sm tended to be higher during
saline than during mannitol diuresis, when the osmotic
urine to plasma ratio (Uosm/Pøsm) is plotted against V
(Fig. 2 b) it is apparent that the ability to concentrate
the urine was the same during mannitol and saline
diuresis within each group of patients. However, note
that even at relative high solute excretion U0sm/P0sm
was always greater in the control than in the cirrhotic
patients (Table 2).
Urinary sodium excretion. At comparable Cosm, uri-
nary sodium excretion (UNaV) was higher during saline
than during mannitol diuresis in cirrhotics (P<0.00l)
and control patients (P<0.O0l). It is quite evident
from Fig. 3 and Table 2 that the cirrhotic patients ex-
.
o •
A 0
A
0 I I I I
O 2 4 6 8 10 12 14 16 18 20
4-® Controls Cirrhotics
-
Mannitol o A
Saline • A
&
I I I
0 8 10 12 14 16 18 20
V ml/min
Fig. 2. a. Average relationship between urine osmolality (Usm)
and urine flow (V) in five cirrhotics (triangles) and five non-
cirrhotic control patients (circles) during mannitol (open symbols)
and saline diuresis (closed symbols). b. Average relationship be-
tween Osmotic urine to plasma ratio (Usm/Posm) and V in the
same groups of patients. U0 and Uosm/Posm have been grouped
at increments of V of 2 mI/mm and represent the mean values
for each group.
creted the same or higher amounts of sodium per unit
of total solute excretion than the control group when
mannitol or saline-loaded. Cirrhotics and control
patients achieved comparable maximal rates of sodium
excretion during saline infusion (Table 2) without any
evidence in the cirrhotics of increased TCH2O formation.
The mean preinfusion serum sodium concentration
of the cirrhotic and control patients were within nor-
mal limits and not significantly different (Table 2).
During mannitol diuresis serum sodium concentration
decreased to 127 SD 6 mEq/liter in the cirrhotic group
(P<0.00l) and to 121 SD 6 in the control group
(P<0.001). During saline diuresis serum sodium con-
centration increased to 157 SD 4 mEq/liter in the cir-
rhotic group (P<0.001) and to 156± SD 4 mEq/liter
in the control group (P<0.005).
Serum potassium concentration were normal in con-
trol and cirrhotic patients and did not change signif i-
cantly during the infusion of either one of the solutes.
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'0 2 4 6 8 10
Cosm (mi/mm)
Fig. 3. Average relationship between sodium excretion (Ua V)
and osmolal clearance (Csm) in five cirrhotics (triangles) and
five non-cirrhotic control patients (circles) during mannitol (open
symbols) and saline diuresis (closed symbols). All UNaV and
corresponding Csm values are grouped at about 2 mljmin in-
crements in Csm and represent the mean values for each group.
Note the divergence of the two curves when Cosm exceeds
4 mI/mm.
Glomerular filtration rate and renal plasma flow. The
mean preinfusion C111 of the cirrhotic and control
group were not significantly different (Table 2). The
infusion of mannitol did not significantly change C1
in either group of patients. Although C111 increased
during saline diuresis in three of the five controls and
in four of the five cirrhotics (Table 2), this was not
statistically significant.
Mean preinfusion CPAH was lower but not signifi-
cantly different in the cirrhotic (374 SD 103 and
386 SD 90 mI/mm) than in the control patients
(451 SD 121 and 488 SD 91 ml/min) during the two
study days. CPAH did not change during mannitol di-
uresis, but increased 20% (P<0.025) in the cirrhotic
and 32% (P<0.01) in the control group during saline
infusion.
Discussion
reabsorption observed in patients with cirrhosis during
mannitol diuresis was not corrected during hypertonic
saline administration even though the rates of sodium
excretion were two to four-fold greater than those ob-
tained during mannitol loading. Furthermore, TCH2O
remained low in the cirrhotic patients despite rates of
sodium excretion comparable to those observed in the
non-cirrhotic control subjects who had normal TCH2O
creased in both groups of patients during saline
diuresis.
Since Cirksena, Dirks, and Berliner [7], using acute
caval constricted dogs, could not demonstrate a de-
crease in proximal sodium reabsorption during saline
loading, the question of increased delivery of sodium
to the distal nephron under the described experimental
conditions should be considered. In contrast to the
above observation, Auld, Alexander, and Levinsky [16]
demonstrated in the superficial nephron of dogs with
acute as well as chronic thoracic caval constriction an
increase in the delivery of filtrate to the distal tubule
comparable to that observed in the control animals.
Similar results were also obtained by Levy [17] in the
chronic caval dog. In addition, clearance studies by
Kaloyanides et al. [8] have shown that although frac-
tional distal sodium load during water and saline diure-
sis was lower in chronic caval dogs than in control dogs,
it was apparent that there was at least a twofold in-
crease in distal fractional sodium delivery during saline
loading in the caval constricted animals.
Furthermore, the possibility cannot be excluded that
redistribution of renal blood flow and glomerular fil-
trate occurred in these patients, presumably with more
filtrate going to the more avidly retaining deep juxta-
medullary nephrons [18, 19]. it is entirely possible that
during hypertonic saline volume loading redistribu-
tion of glomerular filtrate occurred from deeper corti-
Controls Cirrhotics
Mannitol o
Saline • A
A
3200
2800
a
E 2400
2000C
1600
1200
z800
400
values. These data in cirrhotic patients are comparable
to the results recently obtained by Porush et al. [14}
A in the dog with chronic constriction of the thoracicA • vena cava and ascites. These authors reported a lower
TCH2O formation in their caval dogs during hyper-
tonic mannitol, as well as during hypertonic saline di-
uresis.
4
The defect in urinary concentration in these cirrhotic
A
A patients could not be attributed to changes in glomeru-
lar filtration rate or in serum sodium or potassium
concentrations since these variables were not different
° in cirrhotics from control patients, nor to renal tubular
I I I I insensitivity to antidiuretic hormone in cirrhotic pa-12 14 16 18 20 22 tients [1—3 15].
Since there was no significant difference in glomeru-
lar filtration rate or serum sodium concentration be-
tween cirrhotic and control patients when compared
at similar osmotic clearance during saline loading
(Table 2) (filtered load of sodium: controls 15.6 SD
2.0 mEq/min; cirrhotics: 13.8 SD 3.8 mEq/min;.
P<0.40) and since there was no difference in sodium
excretion (Table 2, P.<0.80) it may be assumed that
the delivery of sodium to the 1oop of Henle was in-
This study indicates that the low solute-free water
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cal juxtamedullary nephrons to more superficial cor-
tical nephrons, in fact, limiting blood flow and filtrate
to the nephrons responsible for the concentrating pro-
cess. However, caution should be exercised with these
assumptions since the available experimental evidence
suggests considerable species differences in relation to
redistribution of filtrate following volume loading
[20-23] and no direct information is available in salt
restricted normal man or cirrhotic patient under condi-
tions of acute volume loading.
Because the infusion of hypertonic sodium chloride
not only increases the load of sodium entering the
loop of Henle, but also increases the sodium concen-
tration of the late proximal tubular fluid [11], it ap-
pears also reasonable to assume that an increase in
the delivery of sodium to the distal concentrating site
and a less lower luminal concentration of sodium did
indeed exist in the cirrhotic patients during hypertonic
saline loading. However, definite proof of this is not
available because studies with hypotonic solute diure-
sis under non-hydropenic conditions were not done in
these patients [4]. If it is concluded that during hyper-
tonic saline diuresis a more favorable distal delivery
of filtrate was present in the cirrhotic patients, other
factors responsible for the observed TCH2O defect in
these patients (other than a decreased distal delivery
of sodium) should be considered.
The present results are most consistent with a re-
duced medullary hypertonicity limiting TCH2O forma-
tion despite apparently sufficient sodium reaching the
distal concentrating site during hypertonic saline load-
ing. This decreased medullary hypertonicity may re-
sult from a defect in sodium transport in the loop of
Henle with failure to increase the content of sodium
in the medulla during increased distal sodium delivery.
This in itself does not exclude the possibility that du-
ring non-diuretic hydropenic conditions a low distal
sodium delivery might limit maximal urine concentra-
tion. It has been shown in the hydropenic non-diuretic
rat that the presence of a normal transtubular gradient
for sodium in the early distal tubule (because of a
decrease in the sodium delivery to the loop during
antidiuresis) does not exclude an abnormal rate of
sodium transport in the loop of Henle during diuretic
conditions [24, 25]. Of interest, fractional excretion of
sodium at comparable solute excretion was not less in
cirrhotics (11.1 SD 2.1 %) than in control patients
(9.3± SD l.8%) (P<0.20). On the other hand, there
is evidence for increased sodium reabsorption in the
ascending limb of Henle's loop in chronic caval dogs
[8, 16, 17] as well as for an apparent normal operation
of the factors responsible for an appropriate medul-
lary hypertonicity in the caval dog [14]. However, it is
of interest that the caval dogs of Porush et al [14] ex-
hibited a maximal urine concentration similar to con-
trol dogs, in contrast to patients with cirrhosis who
also show a defect in maximal urine osmolality [1, 2].
The possibility that an increased medullary blood
flow may decrease medullary interstitial osmolality
during saline diuresis cannot be excluded. We do not
have direct information on this point other than that
the effective renal plasma flow increased significantly
following saline loading. However, this also occurred
in the control subjects.
In view of the known hypotonicity of the distal
tubule of the dog during hydropenia [26] Porush
et a!. [14] suggested that chronic caval dogs may have
an apparent defect in urine concentration due to en-
hanced ascending limb sodium reabsorption leading to
a greater hypotonicity in the distal tubular fluid. This
implies that the amount of water back-diffusing in the
collecting duct is greater in caval than normal dogs
because the fluid enters this site more dilute resulting
in underestimation of TCH2O formation. Although a
similar mechanism cannot be excluded with certainty
in man, the fact that sodium excretion and fractional
sodium excretion were comparable in cirrhotics and
control patients (in contrast to a significantly reduced
sodium clearance in caval dogs [14]), added to the un-
certainty about distal tubular fluid equilibration in
man, makes further comment difficult.
The results obtained in the non-cirrhotic control pa-
tients demonstrated a significant, albeit small, increase
in TCH2O with hypertonic saline loading. Greater in-
creases in TCH2O with hypertonic saline loading have
been shown by others [9, 10]. Although it is possible
that a substantial increment in TCH2O might become
apparent at higher rates of solute excretion than those
obtained in this study, it is worth mentioning that the
difference in TCH2O between mannitol and saline was
observed by other investigators at Csm higher than
8 ml/min [9] and 10 mI/mm [10]. All our control pa-
tients exhibited Cosm higher than 14 mI/mm. In com-
paring the results of our control group with those of
previous investigators it should be considered that our
patients were on a low salt diet as compared to normal
salt intake in other studies [9, 10]. It is conceivable
that the control patients on a low sodium intake would
continue having a TCH2O within the range of normal
during mannitol diuresis, but that it would not in-
crease with hypertonic saline loading during low salt
intake even with rates of sodium excretion comparable
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to those reported by Goldberg, McCurdy, and Rami-
rez [101. Indeed, our control patients had the same
mean TCH2O value during mannitol diuresis (4.5±sD
0.6 mI/mm) as that found by Stein et al [5] in 12 nor-
mal salt restricted subjects (4.3 SD 0.9 mi/mm) studied
also during mannitol diuresis. These latter patients,
however, had a significantly higher mean TCH2O when
paired studied with mannitol during a high salt in-
take [5]. In addition, our control patients were older
than those studied by Porush et a!. [9} and by Gold-
berg et a! [10]. The effects of age on the response of
TCH2O to saline loading in patients on low salt diet
is not known.
In conclusion, the impaired TCH2O formation ex-
hibited by these patients with cirrhosis was not im-
proved or corrected by infusion of hypertonic saline
despite increased urinary sodium excretion and serum
sodium concentration. The mechanism of the defect in
urine concentration remains unknown but appears not
to be related to a decreased delivery of sodium to the
distal nephron or to a lower tubular fluid concentra-
tion of sodium at the distal concentrating site. Hydro-
penic control subjects maintained on a low sodium
intake may not substantially increase their solute free
water reabsorption following hypertonic saline infusion.
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